A selection of results is presented in Fig. 3 for tensile deformation at 300 K, with emphasis on copper crystals. Although the model does not incorporate ad hoc switches, the resolved stress/strain curves (Fig. 3A) exhibit the traditional stages that characterize fcc single crystals (16). The low-hardening stage I, during which a single slip system is activated, appears for lowsymmetry orientations like [123]. The linear stage II is due to forest hardening, and its slope increases with the number of active slip systems. The subsequent decrease in strain hardening rate is also orientation-dependent and stems from dynamic recovery. All of these features are in excellent agreement with published experimental results (16, 17). Figure 3B shows the evolution of the shear strains and densities on the primary and secondary slip systems during a simulated ½123 test. It is representative of the wealth of detailed information that can be obtained at the scale of slip systems. Finally, Fig. 3C illustrates a broader aspect of this type of modeling by presenting [123] stress/strain curves for several fcc crystals at room temperature. In addition to a rescaling of lattice parameters and elastic constants, shifting from one fcc material to the other implies changes in the annihilation properties of screw dislocations during dynamic recovery. To address this, we tentatively used a scaling law derived from Escaig's model for cross-slip (4).
A selection of results is presented in Fig. 3 for tensile deformation at 300 K, with emphasis on copper crystals. Although the model does not incorporate ad hoc switches, the resolved stress/strain curves (Fig. 3A) exhibit the traditional stages that characterize fcc single crystals (16) . The low-hardening stage I, during which a single slip system is activated, appears for lowsymmetry orientations like [123] . The linear stage II is due to forest hardening, and its slope increases with the number of active slip systems. The subsequent decrease in strain hardening rate is also orientation-dependent and stems from dynamic recovery. All of these features are in excellent agreement with published experimental results (16, 17) . Figure 3B shows the evolution of the shear strains and densities on the primary and secondary slip systems during a simulated ½123 test. It is representative of the wealth of detailed information that can be obtained at the scale of slip systems. Finally, Fig. 3C illustrates a broader aspect of this type of modeling by presenting [123] stress/strain curves for several fcc crystals at room temperature. In addition to a rescaling of lattice parameters and elastic constants, shifting from one fcc material to the other implies changes in the annihilation properties of screw dislocations during dynamic recovery. To address this, we tentatively used a scaling law derived from Escaig's model for cross-slip (4) .
The present results indicate that, paradoxically, realistic strain hardening properties in uniaxial deformation are obtained without accounting for dislocation patterning (18, 19) ; that is, for the emergence of non-uniform microstructures during plastic flow. A possible reason is that the wavelength of dislocation patterns and the mean free path values follow the same scaling relation, in tension or compression.
This study shows that the mean free path of dislocations is the missing link connecting discrete dislocation interactions and avalanche processes to strain hardening properties in the bulk. The present multiscale methodology should apply to several areas of practical importance, such as the mechanical response of polycrystalline materials or size effects in small dimensions. Ordered Mesoporous Materials from Metal Nanoparticle-Block Copolymer Self-Assembly Scott C. Warren, 1,2 Lauren C. Messina, 2 Liane S. Slaughter, 2 Marleen Kamperman, 1 Qin Zhou, 2 Sol M. Gruner, 3 Francis J. DiSalvo, 2 Ulrich Wiesner 1 *
The synthesis of ordered mesoporous metal composites and ordered mesoporous metals is a challenge because metals have high surface energies that favor low surface areas. We present results from the self-assembly of block copolymers with ligand-stabilized platinum nanoparticles, leading to lamellar CCM-Pt-4 and inverse hexagonal (CCM-Pt-6) hybrid mesostructures with high nanoparticle loadings. Pyrolysis of the CCM-Pt-6 hybrid produces an ordered mesoporous platinum-carbon nanocomposite with open and large pores (≥10 nanometers). Removal of the carbon leads to ordered porous platinum mesostructures. The platinum-carbon nanocomposite has very high electrical conductivity (400 siemens per centimeter) for an ordered mesoporous material fabricated from block copolymer self-assembly.
D
espite considerable progress in the field of porous solids, major challenges remain in the synthesis of ordered mesoporous materials with high metal content from the coassembly of macromolecular surfactants and inorganic species. Controlling the structure of metals at the mesoscale (2 to 50 nm) is crucial for the development of improved fuel cell electrodes and may also assist in the miniaturization of optical and electronic materials for data transmission, storage, and computation (1, 2) .
An early route to preparing mesoporous metals involves the dealloying of a less noble metal from a bimetallic alloy; this has been used for the preparation of Raney nickel and other metals (3) . Dealloying processes provide limited control over structural parameters such as pore geometry and order. In contrast, block copolymer self-assembly or templating with metal species provides access to highly ordered structures. Synthetic routes to such structures have included adsorbing and then reducing metal ions within a preassembled block copolymer scaffold (4) and coassembling ligand-stabilized nanoparticles (NPs) with block copolymers (5) . More recently, polymer-coated NPs that behave like surfactants have been isolated at the interface of block copolymer domains, which can create a bicontinuous morphology at higher loadings (6) .
Despite this progress, the conversion of metalpolymer hybrids into mesoporous materials with ordered and large pores (≥10 nm) has not been accomplished, in part because of the low volume fraction of metals in most hybrids and the widespread use of gold, which has a high diffusion coefficient and therefore retains its mesostructure only at low temperatures (7) (8) (9) . Although a protective organic layer can be added to metal NPs to prevent uncontrolled aggregation, even a thin organic layer represents a considerable volume of the overall material: For example, a 1-nm-diameter metal NP with a relatively thin 1-nm organic shell is just 4% metal by volume. As a result, the typical metal content in most block copolymer-metal NP hybrids is only a few volume %, and the prospects for converting the hybrid into an ordered mesoporous material, in which the metal would have a volume fraction between 60 and 75% for an inverse hexagonal structure, are poor.
Mesoporous metals have been synthesized at a smaller length scale, with 2-to 4-nm pores, through the coassembly of metal ions with small-molecule surfactants followed by reduction (10) (11) (12) (13) . The small pore size, however, limits the flow of liquids through the material, which is essential for many applications (14, 15) . Metals have also been deposited onto (16) or into (17) thin films of block copolymers to create metal wires, but the surfacedependent nature of the metal deposition most likely limits these processes to two-dimensional materials.
We report a route to mesostructured Pt NPblock copolymer hybrids with exceptionally high NP loadings and tunable phase-separated morphologies with feature sizes >10 nm. Metal-rich NPs with a thin organic shell made from ionic liquid ligands, combined with NP loadings as high as 79 volume % in the hydrophilic domains of the hybrid, ensure that mesostructure order is retained upon conversion to mesoporous metal-C composites. The C can be removed from the nanocomposites to produce ordered Pt mesostructures with ordered and large (≥10 nm) uniform pores.
We used a strategy in which ligand-stabilized Pt NPs (Fig. 1, A and B) coassemble with block copolymers (Fig. 1C) during the evaporation of organic solvents, forming metal-rich mesostructured NP-block copolymer hybrids (Fig. 1D) . Hybrids are pyrolized by heating under an inert atmosphere, leaving behind ordered mesoporous Pt-C composites (Fig. 1E) . Finally, the C is removed through use of an Ar-O plasma or acid etch to produce ordered porous Pt mesostructures (Fig. 1F) . The success of this strategy depends on the synthesis of mesostructured hybrids with high metal volume fractions in one domain of the block copolymer, which is possible after meeting the following criteria.
First, the NPs should exhibit high solubility in organic solvents. When NPs have low solubility, some fraction of the particles macroscopically precipitates during solvent evaporation and fails to mix with the block copolymer. We recently reported a ligand for metal NPs based on a thiol-containing ionic liquid (18) that imparted liquidlike behavior to the NPs, even in the absence of a solvent. This result suggests that the use of certain ionic liquids as NP ligands provides a route to high solubility.
Second, the ligand-stabilized NPs should have at least a modest metal volume fraction. Although metal NPs with high solubility have been reported (18, 19) , the metal volume fraction was between 0.6 and 3% (18) . Higher metal volume fractions are needed to prevent structural collapse upon removal of the organic components. Conventional short ligands can increase the metal volume fraction but usually result in insufficient solubility.
Third, the NPs should be highly dispersible in just one block of the block copolymer (2, 20) . Mixing should be driven by favorable enthalpic interactions between that block and the NPs, which can be achieved through ionic interactions, hydrogen bonding, and dipole-dipole interactions, among many possible routes.
Fourth, in order to promote mixing, the diameter of the NPs should be below a critical limit relative to the size of the block with which they mix, approximately the root mean square end-to-end distance (equivalent to 6 ½ times the radius of gyration for an ideal chain) of the relevant block of the copolymer (21) . Although the precise cutoff may vary depending on enthalpic considerations and NP concentration, this heuristic provides a guideline for NP size.
We designed ligand-stabilized Pt NPs (Fig. 1,  A and B) and a block copolymer (Fig. 1C ) that met these four criteria. Two poly(isoprene-blockdimethylaminoethyl methacrylate), PI-b-PDMAEMA block copolymers (a and b) were synthesized by anionic polymerization (22) and had a polydispersity of 1.05 (a) or 1.04 (b) and molecular weights of 31.1 (a) or 27.8 (b) kg/mol, of which 33 (a) or 15 (b) weight % (wt %) was PDMAEMA. After examining a series of possible ligands for the Pt NPs, we selected N,N-di-2-propoxyethyl-N-3-mercaptopropyl-N-methylammonium chloride (Fig. 1A) . The synthesis of this ligand as well as the ligand-stabilized Pt NPs are described in the supporting online material (SOM) (23) .
Transmission electron microscopy (TEM) revealed that the NPs had a metal core diameter of 1.8 ± 0.5 nm ( Fig. 2A) , and a model of the ligand suggested a maximum radial extension of 1.4 nm (Fig. 1B) . Nuclear magnetic resonance (NMR) confirmed the chemical structure of the ligand on the NPs, and thermogravimetric analysis (TGA) revealed a metal content of 56.9% by weight, or 7.5% by volume (SOM) (23) . The NPs exhibited hydrophilic properties: They were highly soluble in methanol, modestly soluble in water and acetone, poorly soluble in chloroform, and insoluble in tetrahydrofuran and ether. We selected a solvent combination of chloroform and methanol [9:1 weight/weight (w/w)], in which both the block copolymer and NPs exhibited high solubility. The NPs were nearly insoluble in the absence of methanol, and the polymer precipitated in solutions with >20% methanol.
The as-synthesized NPs were too hydrophilic to form macroscopically homogeneous hybrids with PI-b-PDMAEMA when films were cast from a chloroform:methanol 9:1 (w/w) solution. The NPs became less hydrophilic upon aging. In particular, boiling the NPs for 5 hours in water decreased their hydrophilicity to the extent that they became more soluble in solvents of moderate or low polarity, such as tetrahydrofuran and chloroform. After aging, the NPs were centrifuged to remove the organic byproducts of the aging process. The metal content in the aged NPs was typically 65.4% by mass or 10.4% by volume. The Pt particle size remained unchanged at 1.8 nm, as measured by TEM, and the Pt domain size increased from 1.2 to 1.4 nm, as determined by peak-width analysis of powder x-ray diffraction (PXRD, Fig. 3B ). NMR of the aged NPs showed a spectrum nearly identical to that of the assynthesized particles (SOM) (23) . On average, a single aged NP had 65 ligands, a decrease from 93 in the as-synthesized NP (see SOM for calculation) (23) . The loss of ligands upon heating has been previously documented for planar gold surfaces (24) and gold NPs (25) . Interactions among polymer, ligands, metal surface, and solvents are complex, and the relative contribution of each to NP dispersibility is difficult to determine precisely. We speculate, however, that the substantial decrease in the number of charges per NP (as inferred from the loss of ligands) is responsible for the NPs' diminished hydrophilicity. Furthermore, the loss of ligand may enhance polymer-NP interactions because the PDMAEMA's amine may chemisorb onto the more exposed Pt surface (26) , thereby preventing the macrophase separation of NPs from block copolymer. Finally, the loss of ligand from the NPs increases the volume fraction of Pt in the NPs by 39%, improving the ability of the mesostructure to survive pyrolysis.
A macroscopically homogeneous solution of aged NPs and block copolymer (a) was prepared by combining 98 mg of NPs, 28 mg of block copolymer, 1040 mg of chloroform, and 110 mg of methanol. The hydrophilic volume fraction [the volume fraction of PDMAEMA and nanoparticles; see SOM for calculations (23) ] was 65%, which was anticipated to yield a hybrid with an inverse hexagonal mesostructure (CCMPt-6). The solution contents were transferred to an aluminum dish 1 cm in diameter and heated at 50°C beneath a hemispherical dish that was designed to slow solvent evaporation. Because chloroform's vapor pressure is greater than that of methanol, and because the solvent composition needed to be maintained near 9:1 chloroform: methanol, a 20-ml vial containing 4 g of chloroform was placed beneath the hemispherical dish, thereby slowing the evaporation of chloroform from the NP-block copolymer solution.
After 1 hour of heating at 50°C, nearly all the solvent had evaporated. The sample was a homogeneous, shiny black solid and was weak and brittle ( Fig. 2B) . Analysis of the sample by TEM (Fig. 2C ) revealed that a mesostructure had formed. The order could be improved, however, by annealing CCM-Pt-6 at 130°C for 2 days under vacuum, as confirmed by small-angle x-ray scattering (SAXS) (Fig. 3A) and TEM (Fig. 2D ). Comparison of representative SAXS patterns showed an increased intensity at higher-order reflections for the annealed sample, consistent with a hexagonal lattice (tick marks in Fig. 3A ). This structural assignment was corroborated by TEM. The representative TEM image in Fig. 2D revealed an inverse hexagonal mesostructure with grain sizes on the order of a few micrometers. Examination of the mesostructure at higher magnification (Fig. 2E ) revealed that individual Pt NPs composed the walls of the CCM-Pt-6 mesostructure, with three to five NPs spanning the thickness of the wall. Comparison of TGA profiles before and after annealing indicated a mass loss of 15% that arose from the loss of ligand (SOM) (23) . Annealing the sample also caused the diameter of the Pt NPs to increase to 2.3 ± 0.3 nm, as measured by TEM (Fig. 2E) . The annealing process thus improves hybrid order and also decomposes the ligands to the extent that the NPs merged and grew. The average grain size of the mesostructure did not increase substantially with longer annealing times, which suggests that ligand decomposition and NP growth were accompanied by a loss in NP mobility.
Besides inverse hexagonal mesostructures (CCM-Pt-6), samples with lamellar morphology (CCM-Pt-4) were produced. We used PI-b-PDMAEMA copolymers (a) or (b) to cast hybrids from solution with a hydrophilic volume fraction of 56%. Similarly to the CCM-Pt-6 hybrid, annealing at 130°C led to a well-developed mesostructure as confirmed by SAXS and corroborated by TEM (Figs. 2F and 3A) . These results suggest that like oxide structures, metal NP-block co- polymer hybrid morphologies can be tailored by simply adjusting the NP volume fraction (27) .
We used a rapid pyrolysis process (28, 29) to convert the inverse hexagonal hybrid CCM-Pt-6 to an ordered mesoporous Pt-C composite. We heated the sample at 10°C/min under N or Ar to at least 410°C, followed by immediate cooling. Under these conditions, the sp 2 -hybridized carbons of the PI block decompose into an amorphous C-rich material with slight graphitic character ( Fig. 4A) (29) . As determined by TGA (SOM) (23), the pyrolysis led to a mass loss of 28%. Heating the material to temperatures as high as 550°C did not result in further mass loss. The pyrolysis was accompanied by a decrease in the (1,0) d-spacing from 30.0 to 23.7 nm, as revealed by analysis of the SAXS patterns (Fig.  3A) . Characterization of the resulting material by TEM (Fig. 2G) indicated that the inverse hexagonal structure was preserved.
At the same time, the Pt interface had roughened, because of the growth of the NPs to 3.3 ± 0.9 nm in diameter. A roughened interface upon pyrolysis is consistent with the loss of higher-order peaks observed in the SAXS profile. Examination of the structure by high-resolution TEM (HRTEM) revealed lattice fringes throughout the Pt walls (Fig. 2H) , showing that the walls were composed of crystalline Pt. Analysis by PXRD and application of the Scherrer equation indicated that the Pt nanocrystals' domain size was 4.1 ± 0.4 nm (Fig. 3B) , representing a substantial increase from the aged NPs. Together, SAXS, PXRD, and TEM analyses provide a consistent picture of a metal-C composite that is macroscopically homogeneous and uniformly mesostructured.
The C plays an important role in maintaining open, uniform pores of CCM-Pt-6 during pyrolysis (29) . If the hybrid is heated in air instead of an inert atmosphere, the C is removed (a mass loss of 38% occurs) and the mesostructure is lost. This suggests that the Pt NPs experienced reduced mobility and aggregation within the carbonaceous matrix. In contrast, in the absence of C, the NPs sinter in an uncontrolled fashion. The grainy texture in the TEM images after sintering is indicative of C with a low graphite content ( , respectively (30) . The weak Raman signature of the C in the hybrid is probably caused by the relatively low temperature (410°C) reached during pyrolysis. Finally, N physisorption indicates that the mesopores are open (Fig. 3C ) and that 26% of the sample's volume (micropores and mesopores) is open space, as expected for an inverse hexagonal nanocomposite that has pores lined with C. The Brunauer-Emmett-Teller surface area of CCMPt-6 is 18 m 2 /g, and the pore diameter is 17 nm. For many applications, such as fuel cells, it is desirable for the metal surface to be completely exposed. We thus sought a route to remove the C from the CCM-Pt-6 nanocomposite. Heating the pyrolized sample in air to 500°C removed the C but also caused the mesostructure to collapse. Instead, we could remove the C from microtomed thin films (~50 nm thick) of the CCM-Pt-6 nanocomposite using an Ar-O plasma. The mesoporous Pt was structurally similar to the Pt-C nanocomposite, as determined by TEM (Fig. 2I) . Close inspection of the pores in TEM images revealed that the grainy texture indicative of the C had disappeared. Furthermore, Raman spectra showed the absence of the D and G bands, suggesting that the C material had been successfully removed (Fig. 4A) . Alternatively, for thicker films (10 to 100 mm thick), a sulfuric acid:nitric acid 3:1 (v/v) etch at 70°C (31) successfully removed most C. Electrochemical data from acid-etched samples indeed confirmed that the metal surface was exposed, showing current densities nearly identical to that of bulk Pt (Fig. 4D) . Energy-dispersive spectroscopy (EDS) on the CCM-Pt-6 metal-C nanocomposites (Fig. 4B) showed a composition of 74 wt % Pt, 18 wt % C, 7 wt % O, and 1 wt % S. In contrast, after the plasma treatment, EDS revealed that >98 wt % of the sample was Pt, with only trace contributions from C and O (Fig. 4C) . C removal was further confirmed by TGA. Pyrolized samples retained 80% of the original mass when heated to 550°C in air, whereas C-etched samples retained 97% of their original mass. TEM confirmed that the samples were still mesostructured and that the grainy texture indicative of C had disappeared.
Because of the easier accessibility of large quantities, we measured the electrical conductivity only of CCM-Pt-6 Pt-C nanocomposites. We chose two-point measurements, which slightly underestimate the true conductivity, because the pyrolized Pt-C composites were too fragile for a four-point measurement, even when pressed as a pellet (32) . The NP-polymer hybrid had a conductivity of 2.5 mS/cm, which increased to 400 S/cm upon pyrolysis. Despite the presence of C, to the best of our knowledge this value represents the highest electrical conductivity yet measured for ordered mesoporous materials derived from block copolymers.
Because polymer-NP interactions are largely mediated via the nanoparticle ligands, it may be possible to extend the present approach to other metals for which similarly sized ligand-stabilized NPs can be synthesized. Thus, it may be possible to prepare ordered mesoporous metals of other elements, disordered alloys, or even ordered intermetallics. Furthermore, this discovery also cre- The MAGIC Collaboration*
The atmospheric Cherenkov gamma-ray telescope MAGIC, designed for a low-energy threshold, has detected very-high-energy gamma rays from a giant flare of the distant Quasi-Stellar Radio Source (in short: radio quasar) 3C 279, at a distance of more than 5 billion light-years (a redshift of 0.536). No quasar has been observed previously in very-high-energy gamma radiation, and this is also the most distant object detected emitting gamma rays above 50 gigaelectron volts. Because high-energy gamma rays may be stopped by interacting with the diffuse background light in the universe, the observations by MAGIC imply a low amount for such light, consistent with that known from galaxy counts.
G round-based gamma-ray telescopes are sensitive to the Cherenkov light emitted by the electromagnetic showers that are produced by gamma rays interacting in the atmosphere. These telescopes have discovered, since the first detection (in 1989) of gamma rays in this energy range (from 100 GeV to several TeV), more than 20 blazars, which are thought to be powered by accretion of matter onto supermassive black holes residing in the centers of galaxies, and ejecting relativistic jets at small angles to the line of sight (1) . Most of these objects are of the BL Lac type, with weak or no optical emission lines. Quasar 3C 279 shows optical emission lines that allow a good redshift determination. Satellite observations with the Energetic Gamma Ray Experiment Telescope (EGRET) aboard the Compton Gamma Ray Observatory (CGRO) had measured gamma rays from 3C 279 (2) and other quasars, but only up to energies of a few GeV, the limit of the detector's sensitivity. An upper limit for the flux of veryhigh-energy (VHE) gamma rays was derived in (3).
Using MAGIC, the world's largest singledish gamma-ray telescope (4) on the Canary island of La Palma (2200 m above sea level, 28.4°N, 17.54°W), we detected gamma rays at energies from 80 to >300 GeV, emanating from 3C 279 at a redshift of 0.536, which corresponds to a light-travel time of 5.3 billion years. No object has been seen before in this range of VHE gamma-ray energies at such a distance [the highest redshift previously observed was 0.212 (5)], and no quasar has been previously identified in this range of gamma-ray energies.
The detection of 3C 279 is important, because gamma rays at very high energies from distant sources are expected to be strongly attenuated in intergalactic space by the possible interaction with low-energy photons (g + g→ e + + e − ). These photons [extragalactic back- The Rigaku RU-H3R setup was operated at 40 kV and 50 mA. X-rays were monochromated with a Ni filter and focused using orthogonal Franks mirrors. SAXS patterns were collected with a homebuilt 1 K × 1 K pixel CCD detector. The SAXS data obtained at CHESS were collected with a CCD 2-D detector operating at an x-ray energy of 1.223 Å. Nalgene Oakridge Teflon centrifuge tubes were employed for purifying nanoparticles. Centrifugation was performed using an Eppendorf 5810. Physisorption was performed on a Micromeritics ASAP 2020 using nitrogen as the physisorption gas.
Raman spectroscopy was performed on a confocal Raman microscope using a Nd:YAG laser at 532 nm.
Statistics about the nanoparticle core diameters were taken from measurement of over 100 particles using intensity profiles drawn in Gatan DigitalMicrograph. The nanoparticle platinum (core) diameter was 1.83 ± 0.5 nm for both as-synthesized and aged particles.
Electrochemistry methods.
We first added one small flake of the mesoporous platinum-carbon nanocomposite or mesoporous platinum onto a glassy carbon electrode.
Next we added 5 μL of a Nafion solution (5 wt.% solution in alcohol and water) and the liquids were evaporated at room temperature in air. The real surface area of the catalyst was estimated using a conventional procedure based on the coulometry of H upd (taking 210 μC cm -2 for a monolayer). A three-electrode cell equipped with the working electrode, a platinum coil counter electrode, and a sodium chloride saturated Ag/AgCl reference electrode was used for all electrochemical measurements.
Block copolymer synthesis
Scheme S1 outlines crucial steps of the polymer synthesis. The synthesis of poly(isoprene-block-dimethylaminoethyl methacrylate) (PI-b-PDMAEMA) has been previously reported (1, 2) . The PI-b-PDMAEMA block copolymers were synthesized by anionic polymerization under anhydrous and air-free conditions using a glovebox and Schlenk line techniques. used to make a lamellar mesostructure had a polydispersity of 1.04 and a molecular weight of 27.8 kg/mol of which 15 wt.% was PDMAEMA.
Ligand synthesis
The ligand synthesis is depicted in Scheme S2.
Scheme S2. Synthesis of N,N-di-2-allyloxyethyl-N-3-mercaptopropyl-N-
methylammonium chloride, 5. 
Nanoparticle synthesis
The stages of nanoparticle synthesis, purification, and ageing are depicted in Scheme S3.
Three solutions were prepared immediately prior to the nanoparticle synthesis. Over a period of about 2 to 3 seconds, the second solution (5) H NMR spectrum is shown in Figure S9 .
The purified, as-synthesized nanoparticles were subjected to an ageing process in boiling water. To a 500 mL flask with stirbar, we added 0.68 g of as-synthesized Pt nanoparticles and 230 g of water. A reflux condenser was attached and the flask was heated in an oil bath held at 115 °C. Five hours after first placing the flask in the pre-20 heated oil bath, the flask was removed and allowed to cool naturally to room temperature.
Following this, the water was lyophilized and the resulting black solid was centrifuged four times in methanol/ether and once in ether as described above. The solid was pulverized in a mortar and pestle and dried on a vacuum line for several hours. A 1 H NMR spectrum is shown in Figure S10 . The NMR shows that there are a very small number of impurities (integration of the impurities accounts for 1.8% of the total integrated area in the spectrum) and the fact that these appear as sharp peaks indicate that they are not directly associated with the nanoparticle. Thus NMR suggests that ageing the particles causes minimal changes in the composition of the organic material that is bound to the nanoparticles (although TGA measurements, shown later, demonstrate that there are fewer ligands per particle). Nevertheless, liquid-phase 1 H NMR does a poor job of identifying organic material immediately adjacent to the surface (3) so we cannot rule out the possibility that there are relatively short organic (or inorganic) species bound to the nanoparticle surface. 
TGA
TGA was performed in air and nitrogen on as-synthesized and aged nanoparticles ( Figure S11 ), on as-synthesized and annealed CCM-Pt-6 hybrids ( Figure S12) , and on the CCM-Pt-6 pyrolized and acid-treated films ( Figure S13 ). We assumed that only platinum metal remains after performing TGA in air. We believe this is a good assumption because the resulting material is reflective and platinum-colored like bulk Pt. From TGA, we conclude that the aging process leads to a loss of ligands from the nanoparticles. Comparison of aged particles heated in air with those heated in nitrogen 22
show that 18 wt.% of the ligand remains after pyrolysis. Also noteworthy is the fact that most of the mass loss occurs between 150 °C and 250 °C when heating under nitrogen.
In contrast, pyrolysis of the PI-b-PDMAEMA block copolymer by itself (data not shown) occurs mostly between 320 °C and 420 °C. Thus, two clearly defined mass loss steps are observed in the CCM-Pt-6 nanoparticle-block copolymer hybrids when heated under nitrogen ( Figure S12 ). When heated in air, the mass loss is greater and the difference in mass loss reflects the approximate mass of carbonaceous material that remains in the pyrolized samples. In Figure S12 , it is also evident that the annealed hybrids have less organic material than the as-made hybrids. Presumably during the annealing process (2 days at 130 °C under vacuum) the ligands partially decompose and volatilize. Indeed, comparison of the as-made and annealed hybrids show that the differences in mass loss occur primarily at temperatures below 275 °C, which we assign to ligand decomposition (as noted above).
The CCM-Pt-6 platinum-carbon nanocomposite apparently absorbs a significant quantity of water or other volatile species from the atmosphere; these species rapidly evaporate during TGA ( Figure S13 ). There is a small increase in mass at 200 °C which may arise from the partial oxidation of the carbonaceous matrix. TGA suggests that the 
